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Abstract:  This paper tests an enhanced version of the Fisher hypothesis for Australia and New 
Zealand. This is achieved by extracting three components (structural, impulse and 
steady state) of inflation uncertainty using a structural time series model of inflation 
that includes an output gap as well. In general, there is a positive association between 
impulse uncertainty and nominal interest rates and a negative association between 
structural uncertainty and interest rates. However, the long run effect of inflation on 
interest rates is less than one and this indicates that Central Banks have some flexibility 
in their inflation-targeting strategies.
I. INTroduCTIoN
According to Fisher (1930) nominal interest rates respond one-to-one to expected inflation. 
This positive relationship between nominal interest rates and expected inflation is known as 
the Fisher hypothesis. Expected inflation and interest rates play a key role in the economy. 
during the early 1990’s several countries adopted explicit inflation targeting (IT) as a tool for 
monetary policy under the operational independence of the Central Bank. They recognized 
the benefits of price stability and consequently adopted it as the principle goal of monetary 
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policy. The effect of inflation on economic performance is an important but complex topic, 
because it may influence economic growth negatively.1 It is known that unanticipated inflation 
arbitrarily redistributes wealth between creditors and debtors. unexpected inflation also creates 
a discrepancy between ex ante and ex post real interest rates. Higher interest rates decrease 
consumption and investment which reduces economic growth. As Blanchard (2003) outlined 
higher interest rates increase debt burden and threaten the stability of the financial sector by 
increasing the volatility of capital flows.
The empirical research, much of which is based on uS data, is ambiguous on the relationships 
between interest rates and inflation. Klein (1975) found no significant relationship between 
interest rates and inflation for the uS. Summers (1983) found a similar result. However, a 
significant effect has been found using post war uS data of expected inflation and nominal 
interest rates2. Boukoukh and richardson (1993) supported the positive relationship between 
interest rates and expected inflation. Mishkin (1992) showed that a long run relationship exists 
but that a short-run relationship does not. 
Similar studies includes Telatar et al. (2003) who investigated the relationship between 
the term structures of interest rates and inflation for the Turkish economy. Bhattacharya et al 
(2007) modeled interest rate cycles in India and Apergis and Eleftheriou (2002) investigated the 
relationship between inflation and interest rates, along with share prices. Barthold and dougan 
(1986) examined the relationship between inflation and interest rates under the variousuS 
monetary regimes and found support for the Fishers hypothesis.
This study explores the relationship between inflation uncertainty and interest rates for 
Australia and New Zealand. Interest rates and changes in the price level are important variables 
in the macroeconomy and are monitored by policymakers especially for IT purposes. The 
relationship between the variables has been subject to substantial research. Wilcox (1983), 
Berument and Jelassi (2003), Fahmy and Kandil (2002) and Kandil (2005) have all examined 
the relationship between prices and interest rates. In general, inflation uncertainty affects the 
economy by increasing long term interest rates. Berument et al. (2005) studied the relationship 
between three different types of inflation uncertainty and interest rates for the uK, before and 
after the inflation targeting period, and their study found support for inflation targeting regimes. 
It appears from Berument et al (2005) that the main drivers of expected interest rates need 
to be broken down into their components for a proper understanding of the relation between 
interest rate and inflation. These two components are referred to as the impulse uncertainty and 
structural uncertainty. Structural uncertainty arises from the structural change in the economy, 
which have implications for the underlying determinants of the inflation process. Impulse 
uncertainty is created by temporary shocks that hit the economy.
Berument et al. (2005) also investigated the steady state component of inflation uncertainty 
on interest rate, but the result was inconclusive. They used two components of inflation 
uncertainty and explored the impact on financial sector return. Their equations (1) – (8) contain 
1  For inflation-growth relationship, see Mallik and Chowdhury (2002) and Cameron, Hum and Simpson  (1996). 
In a recent cross-country study Bruno and Easterly (1998:3) conclude, ‚The ratio of fervent  beliefs [that inflation 
is harmful to growth] to tangible evidence seems unusually high …‘. While cross- country studies are affected 
by extreme values, Friedman (1973:41) points out, ‚Historically, all  possible combinations have occurred: 
inflation with and without development [economic growth], no  inflation with and without development.‘
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all the required details to be able to decompose inflation uncertainty and their equation (13) 
captures the impact of these two components on the excess sector returns. In this paper we 
extended research beyond the uK to other inflation targeting countries e.g. Australia and 
New-Zealand3 and try to find out the affects of different types of inflation uncertainty on 
interest rates. A time varying parameter model with a generalized autoregressive conditional 
heteroskedasticity (GArCH) specification is employed to assess the different types of inflation 
uncertainty. Section 2 introduces different sets of time varying equations for the estimation of 
different types of inflation uncertainty. Section 3 reports the estimates of the parameters and 
their interpretation and section 4 presents our conclusions.
II. THE ModEl
Quarterly data has been used for this study. All interest rates and inflation data (change in 
natural log of the Consumer Price Index) are collected from the International Financial Statistics 
(International Monetary Fund) and the Industrial Production data are collected from data 
Stream. Following Berument et al (2005) we modeled the inflation series with time varying 
parameters that allow us to extract two forms of inflation uncertainty, i.e. the structural and 
impulse response components. To be precise, the time series dynamic of the inflation is given 
by the following equations: 
t 0,t 1,t t 1 2,t t 2 t − − π = φ +φ π +φ π +ε .  (1)
where,  t π represents inflation in period t.
This autoregressive structure using time invariant parameters is found to be adequate 
using standard statistical tests in Eviews. The error term  t ε has the GArCH (1, 1) type 
variance given by:
	 ﾠ .  (2)
To complete the specification of the inflation time series dynamic, we specified the time 
varying parameter dynamics as a random walk without trend. In matrix notation the state 
dynamics is given by:
	 ﾠ .  (3)
The vector of the noise term in the state equation above is assumed to have a normal 
distribution with a diagonal covariance matrix or in other words these noise terms are assumed 
to be uncorrelated. This specification is expressed as,
3  New Zealand was the first country to formally adopt an inflation target of 0-2% in March 1990.  Australia 
targeted inflation from March 1993, and has generally achieved its target rate of 2-3% . comPonEnts of inflAtion UncErtAinty And intErEst rAtEs:  
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 ﾠ .  (4)
The state dynamic given by equation (3) describes the evolution of the time varying 
parameters of the inflation process leading to the observation or measurement in equation (1). 
In matrix notation this can be expressed as,
	 ﾠ .  (5)
The system represented by the equations (3) and (5) is in state space form and the 
methodology to estimate the model, given the observation on inflation, requires application of 
the Kalman filter which is a recursive technique. under the assumption of conditional normal 
distribution of the error terms the linear Kalman filter algorithm may be directly applied. But 
the presence of the GArCH error in the measurement equation implies a departure from the 
main assumptions of the filtering algorithm. The modification necessary to adapt to this situation 
has been described by Harvey, ruiz and Sentana (1992) and further insight and illustrations 
may be found in Kim and Nelson (1999) chapter 6. 
In order to explain the mechanics of separating the inflation uncertainty into two components 
– impulse (Vt
l) and structural (Vt
S) – we need to refer to the adaptive algorithm of the Kalman 
filter. This algorithm is well established and has been described elegantly in Kim and Nelson 
(1999). Thus to conserve space we simply describe the connection of our model to that reference 
and point out the parts that we focus on as impulse and structural uncertainties. The chapter 
6 and in particular section 6.1 in Kim and Nelson (1999) shows how to implement structural 
time series model in state space framework with GArCH measurement error. The equation 
6.29 in Kim and Nelson (1999) is the most important relation that separates the variance in 
the two components. The first part of the equation 6.29 on the right hand side is the structural 
component and the second part is the impulse component. As part of the numerical optimisation 
of the likelihood function given by the equation 6.38 the recursive equations 6.28 – 6.33 are 
evaluated and the two components of 6.29 are stored at the point when the likelihood function 
has been maximised. 
We  implement  the  Kim  and  Nelson  (1999)  algorithm  in  Gauss  and  estimate  the 
model  parameters.  There  are  six  unknown  parameters  in  this  model  and  these  are, 
0 1 2
2 2 2
0 1 1 η η η   Θ ≡ α α β σ σ σ  . The filter allows us to develop the prediction error form 
of the likelihood function which is numerically maximised with respect to these parameters. 
At the same time we get the filtered estimate of the elements of the state vector which are the 
three time varying parameters in equation (1). 
our Model of estimation:
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E
q,t 0 1 t t R e (6) = δ + γ π + −−−−
  (6)
In this equation  1
1
1 Strong form of Fisher Hypothes exists




where  , q t R  is the interest rate4. In order to incorporate the short run dynamics and to avoid the 
problem of misspecification, which manifests autocorrelation, the right hand side of equation 
(6) can be written as:
n
E




= δ + γ π + δ +ν ∑   (7)
We have further extended the model and incorporated the structural and impulse uncertainties 
along with the steady state uncertainty and output gap, which may capture the credibility of 
central banks in the longer term to control inflation. 
The interest rate  m,t R specification is given by the following equation:
n
E I S
q,t 0 1 t 2 t 3 t 4 t i q,t i t
i 1
R g V V R −
=
= δ + γ π + γ + γ + γ + δ +ν ∑   (8)
In the above interest rate equation 
E
t π  refers to the expected inflation as captured by the 
time series model described above and is given by the first part of the right hand side of the 
equation (5). The output gap denoted by  t g 5 is the difference between the log output and its 
trend value obtained by Hodrick-Prescott filter using EViews. 
III. EMPIrICAl EVIdENCE
Table 1 shows the mean and standard deviation of economic growth, interest rates and inflation 
for Australia and New Zealand for the full period, before and after the inflation targeting 
period. From the table we can see that after the inflation target period, the growth rate for both 
Australia and New Zealand has increased, inflation has reduced to within the targeted range for 
Australia only. Interest rates have also decreased for both countries after the inflation targeting 
period. The volatility has been decreased for all variables for both countries. 
The impulse uncertainty for the inflation dynamic is captured by the parameters 0 α ,
1 α and  1 β , and can be seen in Table 2. For both Australia and New Zealand series these 
parameters are statistically significant. This component of inflation uncertainty represents 
the shocks that hit the economy. In a GArCH specification ( 1 α + 1 β ) denote the persistence 
of the shocks. In that sense the persistence of such shocks in the case of New Zealand is 
higher than that in Australia. 
4  Interest rates = rqt = 
Where, r = annual interest rates.
5  GAP = g, – (lnYt – lnYt
P) × 100
  Yt = Industrial Production (IP) for period t
and Yt
P = is the potential IP at period tcomPonEnts of inflAtion UncErtAinty And intErEst rAtEs:  
EVidEncE from AUstrAliA And nEw ZEAlAnd
44
Table 1: Summary Table








Growth 3.54 1.17 3.52 1.32 3.58 0.62
Interest rates 7.93 3.52 8.68 3.83 6.03 1.30
Inflation 5.24 1.11 6.28 1.16 2.63 0.58
New Zealand
Growth 3.13 2.29 2.74 3.47 3.38 0.91
Interest rates 6.24 1.53 10.19 1.55 2.09 0.40
Inflation 10.88 5.01 14.50 4.41 7.14 1.85
Table 2: Parameter Estimates of the Structural Time Series Model of Inflation 
Quarterly observations

































The numbers in parentheses below the parameter estimates are standard errors computed using the robust approach 
suggested in Hamilton (1994), page 145. data set spans quarter 1 1957 to quarter 2 2006 for both Australia and 
New Zealand. Asterisk implies significance at conventional levels of significance. 
The structural parameter of the inflation dynamic is represented by the parameter 1 φ , and 
2 φ captures the changes in association of past inflation to the present realization while  0 φ  is 
indicative of the present level of the inflation. Since these are all time varying the uncertainty 
introduced by this time variation is the structural component of the inflation uncertainty. In 
other words, the time varying parameters show how the shocks hitting the economy propagate 
through the system. The structural time series model of the inflation implemented in this 
study allows us to separate these two components easily and examine any differing behavior 
subsequently. In the case of Australia it is apparent that the time variation of the two Ar 
parameters ( 1 φ and 2 φ ) are not significant as indicated by the respective variances in Table 1. 
But the level component captured by  0 φ  is significant. In the case of New Zealand though, in 
addition to the level component, the Ar (1) component is also significant. This implies that 
for New Zealand the shocks to the economy propagate to the next period through the structural 
component as well. This is quite different from that of Australia.rAmAPrAsAd BhAr And GirijAsAnkAr mAllik
45
Table 3 demonstrate the estimates of the coefficients of equation 8. The coefficient of the 
output gap is positive and significant for Australia for both types of interest rates but negative 
and insignificant for New Zealand which is expected and parallel to the findings of Berument 
et al. (2005). Expected inflation shows a positive but not significant effect on interest rates 
for both countries. The estimated coefficients for Impulse and Structural uncertainty are 
generally insignificant for New Zealand, however, negative and significant for Australia which 
is consistent with Berument et al. (2005).
Table 3: Estimation of the Interest rate Specification
Quarterly observations
0 δ 1 γ 2 γ 3 γ 4 γ 1 δ 2 δ
Australia 
Yld 1
0.0814*** 0.0018 0.0749** 0.0009 -0.0141** 1.0927*** -0.1156
(0.0235) (0.0011) (0.0291) (0.0014) (0.0068) (0.1008) (0.0995)
Australia 
Yld 2
0.0858*** 0.0008 0.0549** 0.0001 -0.0073** 1.1084*** -0.1233
(0.0270) (0.0007) (0.0219) (0.0008) (0.0037) (0.1013) (0.1008)
New Zealand 
Yld 
0.0857*** 0.0034 -0.0116 0.0028 -0.0018 1.0877*** -0.1229
(0.0208) (0.0033) (0.0322) (0.0027) (0.0022) (0.1383) (0.1330)
Standard errors given in parentheses are computed following Newey-West method available in Eviews econometric 
package. data for Australia spans quarter 1 1957 to quarter 2 2006. For New Zealand, however, the manufacturing 
production data is available from quarter 2 1977 to quarter 2 2006. AuS Yld 1 refers to three year Australian 
Treasury bond yield and AuS Yld 2 refers to fifteen year Australian Treasury bond yield. NZl Yld refers to New 
Zealand Government bond yield. All yield data are obtained from IFS sources. Asterisk implies significance at 
conventional levels of significance.
The Figure 1 depicts the time varying characteristics of the two components of inflation 
uncertainties for Australia. The impulse component shows several peaks during mid 1970s, in 
early 1984, 1991 and early 2001. The structural component remained relatively stable during 
the whole period. This is also visible from the behavior of the sum of the two autoregressive 
components ( 1 φ + 2 φ ). This could suggest that the Australian inflation uncertainty is more 
vulnerable to world events (as suggested by the timings of those peaks) rather than by the 
structural behavior.
In contrast to this the Figure 2 depicts the behavior of the same variables for New Zealand. 
The impulse uncertainty only peaked during late 1980s. It is around the same time that the 
sum of the two autoregressive components crossed over to positive values thus accentuating 
the effects of the external shocks. Before that, however, it has remained largely in the negative 
territory. This negative value is indicative of some form of correction mechanism at work that 
kept the effect of impulse uncertainty low.comPonEnts of inflAtion UncErtAinty And intErEst rAtEs:  
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IV. CoNCluSIoN
 In this paper attention is focused on testing the Fisher hypothesis for Australia and New 
Zealand with an enhanced specification. It focuses on how the nominal interest rate is affected 
by the expected inflation, inflation uncertainty and the output gap. Instead of employing the 
standard practice of using a measure of total uncertainty for inflation we decompose it into 
three components e.g. impulse, structural and steady state. This is achieved via a structural 
time series model of inflation.
We find a positive relationship between inflation and nominal interest rates for both Australia 
and New Zealand. However, impulse uncertainty has no significant effect on interest rates for 
both these countries. We also find that structural uncertainty is negatively and significantly 
affecting interest rates for Australia only, which is in line with Berument (2005).
We then analyse the long run effect of inflation on interest rates. This is estimated as 
1
1 2 1 (1 ) δ δ γ
− − −  and is found to be less than one for both countries. This indicates that for one 
percent increase of the expected inflation the Central Banks need only increase interest rates 
by less than one percent or in other words they need not be overly contractionary in terms of 
interest rate increases to contain inflation. It is also evident that the volatility of inflation is 
much lower during the post-inflation targeting period and therefore, there is no need for the 
Central Bank to react very quickly. It is also clear that the respective monetary authority has 
successfully reduced these uncertainties and consequently controlled the level of inflation 
(especially for Australia) through credible inflation targeting strategy. For policy perspective 
the inflation targeting strategy is working and should be continued. 
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